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CHAPTER 3 
METHODOLOGY 
3.1 INTRODUCTION 
This chapter will described in detail the overall flow of the project from the 
calculation of the kinematic and dynamic movement analysis of the 4-wheels ground 
vehicle, the chosen stair definition analysis to control system analysis of the 4-wheels 
ground vehicle. This methodology also aims to act as a proper guideline to ensure a 
smooth flow of the project. A series of test will be made in order to analyse the movement 
of the 4-wheels ground vehicle using radio remote control transmission. The result of 
analysis is important to change the control system from radio remote control transmission 
to programmable Arduino control system. 
3.2 DEGREES OF FREEDOM (6DOF) MODELLING 
In order to modelling a four wheels vehicle, the Degrees of Freedom (6D0F) 
modelling is being used to perfectly describe a full modelling of a four wheels vehicle. 
There are six Degrees of Freedom (6DoF). The 6DoF referring to the freedom of 
movement of a rigid body in three-dimensional space. Specifically, the body is free to 
change position as forward and backward, up and down, left and right translation in 
three perpendicular axes, combined with changes in orientation through rotation about 
three perpendicular axes.
16 
Longitudinal 
17 
An example of six degree of freedom movement is the motion of four wheels 
vehicle. It is described as: 
Table 3.1: A six degree of freedom movement of a four wheels vehicle 
Translation	 Rotation 
Moving up and down (heaving)	 Tilting forward and backward (pitching) 
Moving left and right (swaying) 	 Turning left and right (yawing) 
Moving forward and backward (surging) Tilting side to side (rolling) 
i lateral
Figure 3.1: Schematic diagram of six degree of freedom movement of a ground vehicle 
A 6DoF model is essential for reliable simulation of vehicle's movement on non-
planar surfaces. The two reference frames of interest are the world frame in which the 
vehicle navigates and body frame of the vehicle that is fixed to the vehicle body axes. 
After the movement of the climbing the stairs being thoroughly observed, the degrees of 
freedom of movement of the ground vehicle in three-dimensional space is being 
specified. 
The specific degrees of freedom for the movement of the ground vehicle climbing 
the stairs in three-dimensional space is 3 degrees of freedom (3D0F). Specifically, the
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body of the ground vehicle is free to change position in two translation perpendicular axes 
which is moving forward and backward (surging) and moving left and right (swaying). 
While the body of the ground vehicle free to change position in one rotational 
perpendicular axes which is only turning left and right (yawing). 
Table 3.2: A three degree of freedom movement of a four wheels vehicle 
Translation Rotation 
Moving forward and backward (surging) Turning left and right (yawing) 
Moving left and right (swaying)
Figure 3.2: Schematic diagram of three degree of freedom movement of a ground vehicle 
3.3 KINEMATICS ANALYSIS 
Kinematics describes the motion of the vehicle in the world coordinates, i.e. 
relates vehicle velocity in body axes to that in ' global coordinates, and here, is a simple 
mapping between the two frames. This section simplifies the 6DoF equations derived in 
previous section by suitable substitutions to yield a kinematics model for planar tracking. 
